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发生在氟喹诺酮类药物耐药相关基因 gyrA 上的长度为 320bp 的耐药决定区，根
据该区域序列设计实验。通过筛选引物以达到较高的扩增效率，提高检测的灵敏
度；通过设计可覆盖所有主要突变位点的探针，通过熔解曲线过程中探针与扩增
产物杂交后熔点的不同以区分野生型与突变型。由于 gyrA 中的 95 位点存在多态





































This paper developed a real-time PCR technology combined with probe melting 
curve analysis for rapid screening of rifampin and fluoroquinolone-resistant. Current 
clinical assays for determining antibiotic susceptibility in M.tuberculosis require 
several weeks to be completed due to the slow growth of the bacilli, so the clinical 
diagnosis was hampered by delayed laboratory diagnosis. 
 The dissertation consist of two parts: Detection of rifampin resistance in dual 
tube with dual-color probe; Detection of fluoroquinolone resistance in  in a single 
tube with modified molecular beacon. 
The first part reports a sensitive and specific assay that takes less than 3h and 
reliably identifies rifampin-resistant M.tuberculosis. 95 percent of mutations 
associated with rifampin resistance occur in an 81-bp core region of the bacterial 
RNA polymerase gene, rpoB. All mutations that occur within this region result in 
rifampin resistance. Four different probes are used in dual reaction tubes, each 
perfectly complementary to a different target sequence within the 81-bp, and two of 
them were labeled with FAM, the other two were labeled with TET. Together, their 
target sequences encompass the region of interests. After the probe melting analysis, 
the melting temperature of the mismatch hybrid probe-target oligonucleotide is lower 
than the match one, and different mismatched bases have different melting 
temperature. So we can define wild type and distinguish different mutant type. Totally 
1753 samples were tested, and the results were consistent with the DNA sequencing.  
The second part developed a probe melting analysis for rapid screening of 
fluoroquinolone drug resistance in M.tuberculosis. 42~85 percent of mutations 
associated with fluoroquinolone resistance occur in quinolone resistance-determining 
region in the gyrA. Missense mutations in codon 88,90,91,94 of gyrA are associated 
with resistance to FQs. A polymorphism at gyrA codon 95 is not associated with FQ 
resistance. We design a probe to encompass the region of interests. Totally 1753 
samples were tested, and the results were consistent with the DNA sequencing. 















used for early detection and treatment of drug-resistant tuberculosis. 
















第一节 引  言 
1.1 结核分枝杆菌流行病学研究 
结核病一种通过空气传播的慢性传染病，是人类已知的 古老的疾病之一，
目前已成为全球 为关注的重大公共卫生问题之一。20 世纪 50 年代以来，由于
科学技术的进步与发展，人类发明了卡介苗（BCG）以及多种可以结核病的化学
药物，使得结核病的流行在一定程度上得到了控制。然而由于艾滋病，耐药菌株







































率为 0.68%，总耐药率 37.79%。据此估计，中国现有耐药结核病患者 56 万，占
到世界耐药结核病患者的 1/4；每年新发耐多药肺结核病患者约 12 万，其中广泛







平的作用机制是通过与依赖 DNA 的 RNA 聚合酶的 β 亚单位牢固结合，抑制细
菌 RNA 的合成，防止该酶与 DNA 连接，从而干扰转录的开始，阻断 RNA 延伸
过程，使 DNA 和蛋白的合成停止。编码 β亚单位的基因被命名为 rpoB。结核分
枝杆菌利福平耐药菌株中，95%在 rpoB 基因利福平耐药决定区（RRDR）内存在
突变，突变一般发生在 507-533 共 27 个氨基酸密码子（81bp）区域内，形式包
括点突变，插入及缺失，其中以点突变 为常见，突变率较高的位点有 531，526，

















Figure 1-1: Frequencies of mutations on the strands of the 81-bp M. tuberculosis 
rpoB core region.  
 
 

















点是有 PCR 后处理过程，这就使得检测步骤繁琐，且增加了引起 PCR 产物污染
的几率。目前较有应用前景的试剂盒有比利时 Innogenetics 公司的 INNO-LiPA 
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